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Version 5 Changes from Version 4

New AIRS RTA (Larrabee Strow)
Accounts for Non-LTE
Requires smaller tuning coefficients

Time dependent CO, initialization
CO, uncertainty term allows for removal of AIRS physics error term

New regression coefficients
Improved treatment of surface emissivity

Cloudy regression using observed AIRS radiances
With (and without) AMSU radiances

Reduced cloud clearing and cloud parameter retrieval channel set over land
Does not use channels that see the surface

New temperature sounding channels
Tropospheric temperature sounding uses only 4 um channels
New sequence of steps

Empirical error estimates
Used for Level 2 and Level 3 quality control

AIRS only retrieval system Version 5 AO
Version 5 AO does not use AMSU A observation



Steps in Version 4 and Version S Level 2

Version 4
MIT AMSU Retrieval
) MIT
Gives X" ,qjiq» surf class

AMSU Retrieval using xMHE
Gives Xmicrowave _ XO
Determine ﬁ?,aO,PCO using x0
Determine X'™8 from ﬁio
AMSU retrieval gives x!
Determine R.I using x!
Physical retrieval updates T,
AMSU retrieval (using 1 fixed) gives 2
S

Determine ﬁiz using 2
Physical retrieval using p 2 gives x PHYS

1
AMSU retrieval using PHYS gives 3 test
ﬁi3 determined from X3,test
Physical retrieval using p 3 gives xfinal

1
Select x0Or final
Clouds, OLR determined from x0or dfinal

Do QC

Not in Version 5

Version 5
MIT AMSU Retrieval
. MIT
Gives X, (jig.surf class
Cloudy regression gives xR (= X% in AO)

AMSU Retrieval using xR
Gives Xmicrowave= XO

Determine RY,a”, P.% using X° (X“R in AO)

Determine x™¢ from R.0

AMSU retrieval gives xl

Determine ﬁil using 1 (X" in AO)
Physical retrieval using g .1 gives PHYS
1
AMSU retrieval using xPHYS gives <3 test
ﬁiZ determined from yPHYS
Physical retrieval using § 2 gives final
1
Select x0 01 final
Clouds, OLR determined from XO or Xfinal
Generate error estimates 5X
Do QC

Not in Version 5 AO
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GENERATION OF EMPIRICAL ERROR ESTIMATES §X;

This step is done after physical retrieval is otherwise completed
Methodology used for 0SST, 0T(p)is identical
Uses 16 internally computed values of convergence tests Y; (13 in V5 AO)
Thresholds of 12 Y; terms are used in Version 4 quality control

0X;, error estimate for X;, is computed according to

6Xi = EMUYJ

Determination of M;;
Use profiles with “truth”
AX; = |X; - X;FRUTH‘
Each profile now has AX;,Y;
M;; found which minimizes RMS  |8X; - AX;

Mj; generated using all September 29, 2004 cases in which IR retrieval is accepted
ECMWEF taken as “truth” to provide AX|

Mij tested on January 25, 2003 - used once and for all

Same basic approach is used for OR;,0q(p)



METHODOLOGY USED FOR VERSION 5 QUALITY CONTROL

Temperature Profile T(p)

Define a profile dependent pressure, pg,above which the temperature profile is flagged as
best

Use error estimate ST(p) to determine Pg
Start from 70 mb and set p, to be the pressure at the first level below which
OT(p) > threshold for n (currently = 3) consecutive layers
Temperature profile statistics include errors of T(p) down to p = Pg
Thresholds are different for land, non-frozen ocean
Sea surface temperature SST
Flag SST as best if dSST <0.8K (tight test), good if §SST between 0.8K and 1.0K
(standard test)

Clear column radiance R;

Consider IA{i as best if 6ﬁi < 0.9K in brightness temperature error units (no flag)

The data assimilation user can select different thresholds if they so choose



QUALITY FLAGS

QC =0 (Best) QC =1 (Good) QC =2 (Do not use)
Use for data assimilation Use for Level 3

Temperature Profile

Version 5

QCT(p)=0 if p=pg

QCT(p)=1 overlandif p=zp,andpg =300mb

QC T(p) =2 otherwise (QC never = 1 over ocean)

Version 4
QC T(p) = 0 within three distinct pressure ranges if ad-hoc individual tests are passed
QC T(p) = 1 for p =2 500 mb if mid-tropospheric temperature test is passed - both land and ocean
QC T(p) = 2 otherwise
Land skin temperature, emissivity - same for Version S and Version 4
QC=1 if QCsurfair=1
QC =2 otherwise
Sea surface temperature - same for Version 5 and Version 4
QC =0 if tight test is passed
QC =1 if standard test is passed
Constituent test
Passed if 0W,y / Wior =0.35 in Version 5

Passed with ad-hoc test in Version 4
QC g(p) =2 if constituent test fails, QC q(p) =0 or 1 if constituent test is passed

QC q(p) =0 only if QC T(p) =0
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FORECAST IMPACT TEST

Experiments run with GSFC GOES-5 data assimilation system
Forecasts run at 1° x 1° resolution

Analysis using NCEP GSI analysis at 1° x 1° resolution
Data period covers January 1, 2003 - January 31, 2003

Control uses all data NCEP used operationally at that time
Assimilates all satellite data but AIRS, including Aqua AMSU radiances

Control + AIRS V5 adds V5.0 global quality controlled T(p) retrievals
All AIRS T(p) data treated as radiosonde reports -1K uncertainty

Control + AIRS V35 with error weights adds V5.0 global quality controlled T(p) retrievals
All AIRS T(p) data treated as radiosonde reports with reported uncertainty §T(p)

27 independent forecasts run from each analysis
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AIRS Cloud Parameters
January 2004
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AIRS Cloud Fractions and OLR
January 2004 minus January 2003

Clouyd Fraction
AM/PM Average

90 NS 2N : e 90 Nf-
60 N 60 N
30 N 30 N
EQ EQ
30 S 30 S
60 S L 60 S L :
it — JGLA?;;r— —v—-hii%q 4 0 [T —»a—~—**~-f—-—3;ﬂ
9 380 120w 60w 0 80 E 120 180 0330 " T2ow  60W 0 60E f20EF T80
S o S S—— ) s s s -
-50.00 -35.00 -20.00 -5.00 10.00 25.00 40.00  55.00 -50.00 -35.00 -20.00 -5.00 10.00 25.00 40.00 55.00
GLOBAL MEAN=  0.53 STANDARD DEV=  9.26 GLOBAL MEAN= -0.08 STD=  4.25 CORR=  0.78
OLR,_ (Watts/m’ OLR . (Watts/m'
AM PIS gversa/g‘e) AMéPIS Aaversu/g'e)
90 N — _ i i ers on—5_ ‘ i 90 N on—-9 minus Version—4
L S
P
80 NF - or
7 5;
30 N .
& h
EQ K..\y = -. T
30S =
60 S L :
90 g5 120 W B0 W 0 80 E 120 € 10 20 3g0 120 W 50 W 0 60 € 120 € 180
e N —— S SRS o ]
-38.00 -26.00 -14.00 -2.00  6.00 18.00 30.00 42.00 -38.00 -26.00 -14.00 -2.00  6.00 18.00 30.00 42.00
GLOBAL MEAN=  -0.94 STANDARD DEV= 13.35 GLOBAL MEAN=  0.07 STD=  2.48 CORR=  0.98

28



Ozone DU
(20g4

January
AIRS OZONE_(DU) AIRS OZONE_(DU)
Version-— VYersion—
90 N 90 N
' 1 & _ = —
o = L = . “ . . e R
50 N = S —— 50 NF =" R B
£ . %u ~ RN - . %" r~ )
30 N T . 30 N e . —
£Q : £Q —
M RN I
50 s | L d _ h 30 s —— L7 4 ( h
-7 |y e U
2 ~7 > 7 ~7 >
60 S 60 S
90 330 120 W 50 W 0 80 E 120 € 180 0 3g0 120 W 60 W 0 80 E 120 € 180
i S o s e i e
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525
GLOBAL MEAN= 283.98 STANDARD DEV= 53.17 GLOBAL MEAN= 286.02 STANDARD DEV= 42.83
TOMS OZONE (DU) 0ZONE (DU)
AIRS Version—5 mi'nus TOMS
90 N 90 N
i = > ~-~— i = > —-~—
, s . . Idgfﬁﬁu\aa__f
50 N Pt P| o Bt : 80 N o~ e o e
e S S Gt 7 RS '
30 N e — : 30 N A
e\~
EQ — —= EQ o
A s f - % il )
50 s — ‘ J ( - 30§ A
| o Y W
4 -
60 S 80 S
- - -~ : - =  P—— S
90 330 120 W 50 W 0 80 E 120 € 180 20380 120w 50W 0 80 E 120 € 180
i s e — o e
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 -50.00 -35.00 -20.00 -5.00 10.00 25.00 40.00 55.00
GLOBAL MEAN= 275.63 STANDARD DEV= 38.56 GLOBAL MEAN=  1.14 STD= 15.50 CORR=  0.97

29



Ozone (DU
January 2004 minus January 2003
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SUMMARY

Version 5 is a considerable improvement over Version 4
Case by case error estimates are very accurate
Allows for better quality control
Use of error estimates in data assimilation improves forecast skill
V5 temperature soundings have higher accuracy and better spatial coverage, especially over land
V5 monthly mean temperature and moisture fields are less biased compared to ECMWF than V4

V5 interannual monthly mean temperature differences are more spatially coherent and
precise

V5 “AIRS Only” retrieval system performs very well
Relies on use of 4 um sounding channels and accurate error estimates

Allows for a backup mode should AMSU fail
Demonstrates capability of IR only sounding system - HES or ARIES

We can still do better - Here’s to Version 6
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